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OPTICAL STUDIES OF POLYMERIC FILMS 
A. TECHNICAL PROGRESS ACHIEVED IN EFFORT 
A.1 	INTRODUCTION 
Organic molecules possess second order nonlinearities (x( 2) processes) orders of 
magnitude larger than observed in inorganic solids, and third order nonlinearities (x 3) 
 processes) as large as any inorganic crystal (with the exception of GaAs at its absorption 
bandedge). Thus technical applications (electro-optical modulation, second harmonic 
generation, signal manipulation in fiber systems, etc.) might be accomplished or improved 
with thin film overlays. For example, the large x( 2) will decrease interaction distances 
eliminating the need for phase matching in second harmonic generation (SHG). Unlike 
inorganic crystals, polymer films can provide topographic coverage on a variety of 
substrates, including silicon integrated circuits and linear waveguides. This will enable 
considerable increase in functional integration, providing global optical interconnects for 
silicon integrated circuits, as well as nonlinear functional elements for planar optical 
waveguides. As a topographic overlay on a memory chip, an array of etalons with electro-
optic film spacers could provide a means to broadcast the entire contents of the memory to 
one, or to many, processors without contention. 1 A multiprocessor architecture employing 
such a global, fixed interconnect has been described. 2 The application of such an overlay 
could also be important for a system of reconfigurable interconnects. 3 
The challenge is to fabricate thin films capable of evincing the extraordinary optical 
performance promised by the molecular design while enduring realistic environmental 
conditions. The global thrust of research now confirms the validity of our strategy for 
obtaining useful materials - combining the optically active chromophore with polymers for 
robustness. Langmuir-Blodgett deposition offers an excellent opportunity for developing 
interesting film systems possessing a high level of alignment uniformity (for x( 2) effects) 
and excellent optical quality at reasonable cost, durably bonded to any one of the substrate 
materials of choice (silicon, LiNbO3, GaAs, etc.). 
We have also made significant progress on fabricating spin-coated films of dye 
substituted polymers with the required noncentrosymmetry induced by a novel corona 
poling technique. This technique has already produced materials used to demonstrate 
femtosecond second harmonic pulse autocorrelation 4 as well as electro-optical modulation 
in a Fabry-Perot etalon. 5 The nonlinear properties of these films stabilize at a useful level 
and withstand practical power levels of order 1 GW/cm 2. These 'existence proofs' offer 
great encouragement that these are useful materials which can occupy a unique niche. We 
have demonstrated that these films are relatively inexpensive to produce, can cover large 
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areas, can be tailored for specific absorption characteristics, and can be processed to 
stabilize the nonlinear property of interest. 
We have conducted research involving nonlinear polymeric thin films related to the 
relationships among molecular properties, thin film deposition and processing techniques, 
the long term structure, and properties of deposited systems. By focussing on polymers, 
we expect to create robust materials with stable nonlinear properties capable of standing up 
to the demands of practical applications. Through the use of the Langmuir-Blodgett (LB) 
deposition technique, we have the capability to manipulate and engineer materials on a 
monomolecular level. Poled films deposited by spin coating techniques offer the 
opportunity to engineer thicker films. These studies will enable us to compare deposition 
strategies in order to determine their relative strengths and weaknesses, to understand the 
role of molecular architecture in influencing film properties, and to further improve the 
molecular design. 
A.2 	LANGMUIR-BLODGETT FILMS 
Langmuir-Blodgett (LB) films are prepared by depositing a small amount of material, 
dissolved in a volatile solvent, onto the surface of a liquid. This liquid is usually highly 
purified water, and is referred to as the subphase. Successful deposition requires the 
material to be insoluble in the subphase. After evaporation of the solvent, the spread 
material, referred to as the Langmuir layer, is in a two-dimensional "gaseous" state, and 
must be compressed to form a "solid" film. This is accomplished by imposing a surface 
pressure on the layer using a movable barrier. The LB trough consists of the subphase 
container, movable barrier, and a film balance. The film balance, as developed by 
Langmuir, measures the two-dimensional surface pressure (7t) through a determination of 
the differential surface tension. As the area of the film is decreased, the monolayer may 
undergo a series of phase transitions from a dilute "gas" to a "liquid", and finally to a 
condensed "solid". In the condensed phase the molecules are packed together with some 
orientational order. For long chain fatty acids, this structure is similar to that of a smectic 
liquid crystal, with the chains aligned nearly normal to the subphase surface. In the 
gaseous and liquid phases the molecular chains may be disordered. Since the original 
reports by Blodgett and Langmuir, a wide variety of materials have been deposited as LB 
films, including fatty acids, fatty alcohols, fatty esters, fatty amines, porphyrins, 
chlorophyll, and proteins. In the last decade there has been a large resurgence of interest in 
the LB technique because of its molecular engineering capability to build ordered ultrathin 
films. The technique offers a unique control of thickness, composition, and structure of 
3 
the film. For polymeric materials with large optical nonlinearities, the LB technique may 
offer the ultimate in chemical design flexibility. 
In this research project the SHG from LB mono- and multilayer films made of 
stilbazolium-PECH, a stilbazolium-substituted polyether, was shown to be influenced by 
the number of optically inactive behenate layers, NB, deposited between the glass substrate 
and the first dye layer. For monolayers of stilbazolium-PECH, the SHG monotonically 
decreased as Ng increased, up to about 6 or 8 buffer layers, while further buffer layer 
deposition did not appreciably change the SHG. There was a small blue shift in the 
wavelength of peak absorption for the dye monolayer UV-VIS absorption spectra as Ng 
increased. The SHG enhancement of multilayer dye films, made by interleaving 
stilbazolium-PECH with behenate, was strongly influenced by the thickness of the 
behenate buffer layer. When an interleaved dye film was deposited on a fourteen layer 
behenate buffer, the SHG enhancement was quadratic (1 2°) a. n2) with the number of dye 
layers, n, deposited. However, when an interleaved LB dye film was deposited directly on 
glass, the enhancement was only near quadratic for about the first five dye layers and for 
more dye layers deposited the enhancement was linear. As more buffer layers were 
deposited, the SHG enhancement for the interleaved stilbazolium-PECH multilayer films 
increased, especially for the first ten dye layers. The SHG enhancement had a quadratic 
increase with the number of dye layers deposited (up to Ng = 89) when eight or more 
behenate buffer layers were used. 
A.3 	POLED POLYMERS 
Spin-coating is a classic method of fabricating polymer films. This method is 
particularly well suited to quickly fabricating thicker films (> 1 lam). Recently, our group 6 
 and others have recognized that this simple technique can be used to create films evincing 
large second order nonlinearities provided that electric field poling is applied in such a 
manner as to impose long term orientational order. Polymeric films with large macroscopic 
second order nonlinear properties can be fabricated by permanently orienting molecular 
components with large hyperpolarizability within a polymer host. One method is to deposit 
a film consisting of randomly oriented nonlinear dye molecules embedded in a host 
polymer which are then oriented by the application of an external electric field. Various 
poling techniques do exist to produce optical nonlinear films. In particular, corona-onset 
poling at elevated temperatures (COPET) has been shown to be very effective in achieving 
large orientational order in thin polymeric films. The increased stability of the nonlinear 
chromophore in the side-chain polymer leads to substantial improvement in both magnitude 
and stability of the second-order nonlinear properties compared to mixture film systems. 
4 
COPET induces electric fields — 2 MV/cm, twice that of parallel plate poling, and thus 
greater alignment. Also, corona poling is done without electrodes on the film and therefor 
is compatible with many optical probes. 
In this research project second order nonlinear properties of COPET side-chain and 
mixture films of coumaromethacrylate polymeric films were investigated. The 
enhancement of second order properties of coumaromethacrylate side-chain polymers with 
increasing dye concentration was examined. It was found that in the poling process 
involving the side-chain polymer films both the temperature and electric field strength are 
important parameters and a therefor careful optimization of these poling parameters will 
result in significant improvement in the second order optical nonlinearities. From the 
spectroscopic absorption measurements of corona-onset poled and unpoled films, the 
orientational order, and an estimation of the magnitude of the effective internal electric field 
present in the films due to the poling process are obtained. CMA-MMA mixtures reach 
their maximum attainable order at poling temperatures = Tg. In side-chain polymers, the 
increased structural rigidity necessitates poling temperatures 50 °C above the glass 
transition temperature. 
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Organic molecules possess second order nonlinearities (x( 2) processes) orders of 
magnitude larger than observed in inorganic solids, and third order nonlinearities (x (3) 
 processes) as large as any inorganic crystal (with the exception of GaAs at its absorption 
bandedge). Thus technical applications (electro-optical modulation, second harmonic 
generation, signal manipulation in fiber systems, etc.) might be accomplished or improved 
with thin film overlays. For example, the large x(2) will decrease interaction distances 
eliminating the need for phase matching in second harmonic generation (SHG). Unlike 
inorganic crystals, polymer films can provide topographic coverage on a variety of 
substrates, including silicon integrated circuits and linear waveguides. This will enable 
considerable increase in functional integration, providing global optical interconnects for 
silicon integrated circuits, as well as nonlinear functional elements for planar optical 
waveguides. As a topographic overlay on a memory chip, an array of etalons with electro-
optic film spacers could provide a means to broadcast the entire contents of the memory to 
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such a global, fixed interconnect has been described? The application of such an overlay 
could also be important for a system of reconfigurable interconnects. 3 
The challenge is to fabricate thin films capable of evincing the extraordinary optical 
performance promised by the molecular design while enduring realistic environmental 
conditions. The global thrust of research now confirms the validity of our strategy for 
obtaining useful materials - combining the optically active chromophore with polymers for 
robustness. Langmuir-Blodgett deposition offers an excellent opportunity for developing 
interesting film systems possessing a high level of alignment uniformity (for x( 2) effects) 
and excellent optical quality at reasonable cost, durably bonded to any one of the substrate 
materials of choice (silicon, LiNbO3, GaAs, etc.). 
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areas, can be tailored for specific absorption characteristics, and can be processed to 
stabilize the nonlinear property of interest. 
We have conducted research involving nonlinear polymeric thin films related to the 
relationships among molecular properties, thin film deposition and processing techniques, 
the long term structure, and properties of deposited systems. By focussing on polymers, 
we expect to create robust materials with stable nonlinear properties capable of standing up 
to the demands of practical applications. Through the use of the Langmuir-Blodgett (LB) 
deposition technique, we have the capability to manipulate and engineer materials on a 
monomolecular level. Poled films deposited by spin coating techniques offer the 
opportunity to engineer thicker films. These studies will enable us to compare deposition 
strategies in order to determine their relative strengths and weaknesses, to understand the 
role of molecular architecture in influencing film properties, and to further improve the 
molecular design. 
A. 2 	LANGMUIR-BLODGETT FILMS 
Langmuir-Blodgett (LB) films are prepared by depositing a small amount of material, 
dissolved in a volatile solvent, onto the surface of a liquid. This liquid is usually highly 
purified water, and is referred to as the subphase. Successful deposition requires the 
material to be insoluble in the subphase. After evaporation of the solvent, the spread 
material, referred to as the Langmuir layer, is in a two-dimensional "gaseous" state, and 
must be compressed to form a "solid" film. This is accomplished by imposing a surface 
pressure on the layer using a movable barrier. The LB trough consists of the subphase 
container, movable barrier, and a film balance. The film balance, as developed by 
Langmuir, measures the two-dimensional surface pressure (rr) through a determination of 
the differential surface tension. As the area of the film is decreased, the monolayer may 
undergo a series of phase transitions from a dilute "gas" to a "liquid", and finally to a 
condensed "solid". In the condensed phase the molecules are packed together with some 
orientational order. For long chain fatty acids, this structure is similar to that of a smectic 
liquid crystal, with the chains aligned nearly normal to the subphase surface. In the 
gaseous and liquid phases the molecular chains may be disordered. Since the original 
reports by Blodgett and Langmuir, a wide variety of materials have been deposited as LB 
films, including fatty acids, fatty alcohols, fatty esters, fatty amines, porphyrins, 
chlorophyll, and proteins. In the last decade there has been a large resurgence of interest in 
the LB technique because of its molecular engineering capability to build ordered ultrathin 
films. The technique offers a unique control of thickness, composition, and structure of 
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the film. For polymeric materials with large optical nonlinearities, the LB technique may 
offer the ultimate in chemical design flexibility. 
In this research project the SHG from LB mono- and multilayer films made of 
stilbazolium-PECH, a stilbazolium-substituted polyether, was shown to be influenced by 
the number of optically inactive behenate layers, NB, deposited between the glass substrate 
and the first dye layer. For monolayers of stilbazolium-PECH, the SHG monotonically 
decreased as NB increased, up to about 6 or 8 buffer layers, while further buffer layer 
deposition did not appreciably change the SHG. There was a small blue shift in the 
wavelength of peak absorption for the dye monolayer UV-VIS absorption spectra as NB 
increased. The SHG enhancement of multilayer dye films, made by interleaving 
stilbazolium-PECH with behenate, was strongly influenced by the thickness of the 
behenate buffer layer. When an interleaved dye film was deposited on a fourteen layer 
behenate buffer, the SHG enhancement was quadratic (1 26) « n2) with the number of dye 
layers, n, deposited. However, when an interleaved LB dye film was deposited directly on 
glass, the enhancement was only near quadratic for about the first five dye layers and for 
more dye layers deposited the enhancement was linear. As more buffer layers were 
deposited, the SHG enhancement for the interleaved stilbazolium-PECH multilayer films 
increased, especially for the first ten dye layers. The SHG enhancement had a quadratic 
increase with the number of dye layers deposited (up to NB = 89) when eight or more 
behenate buffer layers were used. 
A.3 	POLED POLYMERS 
Spin-coating is a classic method of fabricating polymer films. This method is 
particularly well suited to quickly fabricating thicker films (> 1 ilm). Recently, our group 6 
 and others have recognized that this simple technique can be used to create films evincing 
large second order nonlinearities provided that electric field poling is applied in such a 
manner as to impose long term orientational order. Polymeric films with large macroscopic 
second order nonlinear properties can be fabricated by permanently orienting molecular 
components with large hyperpolarizability within a polymer host. One method is to deposit 
a film consisting of randomly oriented nonlinear dye molecules embedded in a host 
polymer which are then oriented by the application of an external electric field. Various 
poling techniques do exist to produce optical nonlinear films. In particular, corona-onset 
poling at elevated temperatures (COPET) has been shown to be very effective in achieving 
large orientational order in thin polymeric films. The increased stability of the nonlinear 
chromophore in the side-chain polymer leads to substantial improvement in both magnitude 
and stability of the second order nonlinear properties compared to mixture film systems. 
4 
COPET induces electric fields = 2 MV/cm, twice that of parallel plate poling, and thus 
greater alignment. Also, corona poling is done without electrodes on the film and therefor 
is compatible with many optical probes. 
In this research project second order nonlinear properties of COPET side-chain and 
mixture films of coumaromethacrylate polymeric films were investigated. The 
enhancement of second order properties of coumaromethacrylate side-chain polymers with 
increasing dye concentration was examined. It was found that in the poling process 
involving the side-chain polymer films both the temperature and electric field strength are 
important parameters and a therefor careful optimization of these poling parameters will 
result in significant improvement in the second order optical nonlinearities. From the 
spectroscopic absorption measurements of corona-onset poled and unpoled films, the 
orientational order, and an estimation of the magnitude of the effective internal electric field 
present in the films due to the poling process are obtained. CMA-MMA mixtures reach 
their maximum attainable order at poling temperatures = Tg. In side-chain polymers, the 
increased structural rigidity necessitates poling temperatures x  50 °C above the glass 
transition temperature. 
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